σ form a probability vector (Holevo, 2001 
Concepts of the quantum information theory
The elementary state, which is considered in quantum information theory (Nielsen & Chuang, 2000) , is called qubit (quantum bit) and is represented by a two-element complex vector , which correspond to the bit values "0" and "1" known in classical information theory (Cover & Thomas, 1991) . In general, vectors 0 and 1 determine the states "spin up" and "spin down" of electron, i.e. 0" " ≡ ↑ and 1" " ≡ ↓ . 12" " =⋅ → −⋅ ← , the pairs of the vectors 0 a n d 1, a n d "" → and "" ← can be used interchangeably.
In general, the evolution of the qubits is governed by the use of the following operators: The Pauli operators are the most known qubits operators that are in use in general quantum mechanics, while the other three operators are more specific for quantum information theory. According to the Kitaev-Solovey theorem (Nielsen & Chuang, 2000) , an algebra
, which consists of the qubits 0 and 1 , and CNOT, Hadamard and phase shift operators, forms a universal algebra that models any operation of the Boolean algebra
. Notice that the qubit operators are reversible. In fact, direct calculations show that ( ) (  ) NOT NOT X X ss s =⋅⋅ = , HH ss ⋅⋅ = and so on. To illustrate the actions of the simplest qubit operators and their relation with classical logic operations, let us present the corresponding quantum gates and their pseuodocode.
NOT ( :
xx ′ = ): :
The other types of the qubit gates, e.g. phase shift operator S and its derivatives, cannot be represented by the classical operators and require quantum computing devices. In such computing, it is assumed that each matrix operation is conducted in one computation step providing a power of quantum computing. The indicated dependence of quantum states on the observation process allows an implementation of such operations by the use of adaptive computation schemes. Below, we demonstrate a relation between quantum operations and evolving algebras and consider appropriate probabilistic decision-making.
Probabilistic automata and mobile robots control
In this section we describe a simulation example, which illustrates an implementation of qubit operators for the mobile robot's navigation. Then, based on this example, we consider the model of probabilistic control and algorithmic learning methods based on evolving algebras.
Control of the mobile robot by qubit operators
Let us consider a mobile robot, which moves on the plain, and assume that the inner states of the robots correspond to its direction on a plane. Let { } " "," "," "," " S =↑ ↓ → ← be a set of pure or errorless states such that each state corresponds to a certain direction of the robot. The set { } "" , " " , " " , " " , " " V step forward step backward turn left turn right stay still = includes the actions that are available to the robot, where the steps "forward" and "backward" are restricted by a certain fixed distance. Being at time moment t in the state t sS ∈ and choosing the action t vV ∈ , the robot receives to its input a finite scalar value ( ) , tt t sv εε = , which depends on the robot's position in the environment. Notice that the elements of the set V form a group with multiplication acting on the set of states S . The steps "forward", "backward" and "stay still" action do not change the state of the robot but change its position relatively to the environment that changes the obtained value ε .
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Assume that the states of the robot are described by four qubits: (Rybalov et al., 2010) , the robot was programmed to follow the trajectory by the use of a compass sensor, and its turns were controlled by Hadamard and reverse Hadamard operators. The presented approach to control the robot is a particular case of the dynamics of open quantum dynamical system (Holevo, 2001) . In general, the dynamics of such systems is determined by transitions U ss → , where U is an appropriate Hermitian operator.
Probabilistic model and algorithmic learning
Let us take into account the observation process and present a brief description of the algorithmic model of the robot's control system with variable evolution structure. As it is usual for automata models, let X be a set of input values, Y be a set of output values, and S be a set of inner states. 
… In the case of learning automata, the probability distributions are defined over the sets X , Y and S , and functions f and g act on such distributions (Fu & Li, 1969; Tsetlin, 1973) , while the metrical or topological structures of the sets are constant. By the other approaches, the program structure learning is specified by a convergence to the appropriate transition function g , or by the choice of a metric or topology over the set S , called data structure learning. Algorithmically, the variable data structure is defined as follows (Gurevich, 1991) . Let G be a global namespace with three distinguished elements 1 "true" = , 0" false" = and and ψ is a term. Thus, evolving algebra permits its functions to change their domains according to the data flow, as it is required for the learning property. Notice that the implementation of the updates of the algebra by the use of quantum gates results in the universal algebra , which defines quantum computations. Nevertheless, similar to the algebra , the direct implementation of the evolving algebra is possible only in particular cases of computable operators. Let us consider an implementation of the evolving algebra for probabilistic control of the mobile robots control . Since during its mission the robot acts in a stochastic environment, the input variable xX ∈ is random; thus, given characteristic f and g , both inner states sS ∈ and outputs y Y ∈ are also random variables. Assume that the namespace G , in addition to elements 1 , 0 and ◊ , includes all possible realizations of the inputs, inner states and outputs, i.e. 
{ }
The presented algorithmic model allows simulations of quantum-control of the mobile robot and its navigation on the basis of the qubits model of states. Below, we consider an example of such simulations with probabilistic decision-making.
Navigation of quantum-controlled mobile robot along predefined path
Let us start with a simulation example. The simulation follows an idea of the experiment of checking a spin of elementary particle by three Stern-Gerlach apparatus, which are defined by a sequence of certain quantum operators (Albert, 1994) .
As above, let the inner states of the robot be specified by four qubits The fragment of the experiment with the robot following its path is shown in Fig. 2 . Fig. 2 . The mobile robot follows a path (from right to left) with three simulated detectors using touch sensor (" Z detector") and light sensors (" X detector").
Let us consider the actions of the robot in particular. Now let us present a general description of the process , that implements the above-indicated equivalence classes f A and g A . As indicated above, the evolution of the quantum-mechanical system with observations does not depend on the previous states and starts from the value of the state, which is obtained by the measurement. Thus, the outputs y Y ∈ of the system are specified by a Markov process, which is controlled by input states xX ∈ and inner states sS ∈ . Then the probability () 
Information theoretic decision-making and path planning
The section presents information theoretic methods for quantum inspired decision-making and general path-planning algorithms. We start with a motivating example of informational decision-making, then we consider the logic of quantum mechanics and informational distance between the partitions of the events space. Finally, we present the navigation algorithms, which are based on the representation of the states' evolution by the use of partitions.
Decision-making by the use of quantum-mechanical information measure
An application of informational criteria for decision-making and path planning of the quantum-controlled mobile robots is motivated by the criteria of classical information theory (Cover & Thomas, 1991) . Recall that in the classical case, an informational distance between the probability vectors ( ) properties, the decision-making includes two stages (Davies, 1978; Holevo, 2001 ) and requires finding the set { } 1 ,, n EE E = … , and then selecting an operator j E from the set E according to optimality criteria. One of the methods, which is widely used in classical information theory, implies a choice of such probability vector . In the simulations , the mission of the robot was to navigate in the environment and to find the objects, which randomly change their location. The amplitudes, which defined the states, were derived from the distances between the objects and as they were measured by the ultra-sonic sensor. The scheme of the simulation and the fragment of the robot's movement are shown in Fig. 3 . The robot scans the environment, chooses such an object that maximizes the von Neumann relative entropy, and moves to this object. After the collision, the object was moved to a new random location. The comparison between quantum and classical decision-making demonstrated the difference in nearly 50% of the decisions, and in the search for variable number of objects, quantum decision-making demonstrated nearly 10% fewer decision errors than the classical one. Such results motivated an application of information theoretic methods for navigation of quantum-controlled mobile robots. In the next section we consider the algorithms which follow this direction. Fig. 3 . The mobile robot with ultra-sonic sensor acting in the stochastic environment: after collision, the obstacle randomly changes its location in the environment.
Logic of quantum mechanics and informational distance
Now let us consider the logic of quantum mechanics and the structure of quantum events over which the informational algorithms act. Such a formal scheme of quantum events, which is called quantum logic (Cohen, 1989) , was introduced by Birkhoff and von Neumann (Birkhoff & Neumann, 1936) as an attempt of to find an axiomatic description of quantum mechanics.
A quantum logic is a lattice Λ of events A , which contains the smallest element ∅ , the greatest element I , relation ⊂ , unary operation ′, and binary operations ∪ and ∩ . It is assumed that for the events A ∈ Λ the following usual set properties hold true: a) For any Following classical ergodic theory (Rokhlin, 1967) , entropy of the partition α is defined as Yuan, 2005; Zhao & Ma, 2007) . In addition, similarly to the ergodic theory (Rokhlin, partitions α and β of the quantum logic Λ , which preserves the metric properties (Khare & Roy, 2008) , as it holds for the probabilistic scheme.
Actions of the robot over the quantum events
The indicated properties of the partitions and states of quantum logic allow an application of informational A*-type search algorithms acting over partitions space (Kagan & Ben-Gal, 2006 ) for navigation of quantum-controlled mobile robots. Let χ be a set of all possible partitions of the logic Λ given a state μ . By In the algorithm, α stands for a partition specified by the robot, and τ stands for a partition specified by the environment.
The robot is located in the environment, which is specified by a partition cur for some universal set X , which are defined as (Hannachi, et al., 2007) ( ) μ , fuzzy analogs of quantum mechanical operators are defined (Hannachi, et al., 2007) . Let us consider the Hadamard operators, which represent the turns of the robot. Fuzzy analog Η of the Hadamard operator Η is the following (Hannachi, et al., 2007) : According to simulations, the turns of quantum and fuzzy controlled robot are different; however, the states of the robot and the results of its actions are statistically equivalent. Such preliminary results show that in case of real amplitudes, fuzzy logic models of quantum control may be applied.
Conclusion
In the chapter we presented a brief introduction into the methods of navigation of quantumcontrolled mobile robots and considered the ideas of its implementation by the use of probabilistic and information theoretic techniques. The described methods represent such a property of the quantum-controlled mobile robots that the state of quantum-mechanical system includes the state of the environment as a part of its inner state.
In particular, the state of the mobile robot in the environment was defined by the use of the density matrix, which, in addition to the inner state of the robot, included the state of the environment. Such a specification of the state allowed calculations of both the robot's influence on the environment and the environmental influence on the robot by the use of the unified techniques. The decision-making methods, which define the robot's behavior, implemented the indicated representation of the state and were based on the probabilistic and informational schemes. These schemes generalize the known maximum probability and maximum information criteria while taking into account additional information regarding the robot's influence on the environment, and correspond to the statistical considerations of quantummechanical methods (Malley & Hornstein, 1993; Barndorff-Nielsen & Gill, 2003) .
In general, the actions of quantum-controlled mobile robot were specified by the choices of certain partitions of quantum logic. The choices were based on informational distances following the line of informational search algorithms (Kagan & Ben-Gal, 2006 ). As indicated above, such a method gives an alternative view to quantum learning and path-planning algorithms (Chen & Dong, 2008; Dong, et al., 2010) . The presented methods were simulated by the use of small mobile robots, while the complete realization of quantum control requires quantum-mechanical on-board computers. However, as it follows from preliminary considerations (Rybalov, et al., 2010) , fuzzy control of the mobile robot demonstrates similar results as probabilistic and informational schemes of quantum control; thus in some cases fuzzy logic models of quantum control may be applied.
